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1. MINE VALUATION METHODS
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The expected value (EV) method is expressed below (Faúndez, et al., 
2020):

 𝐸𝑉 =  (𝑃𝑒∙ 𝑃𝑔 ∙ 𝑉) − 𝐶                                                                                                                   

𝑃𝑒 is exploration risks

 𝑃𝑔 is geological uncertainty

𝑉 is potential value (using market or income approaches) 

𝐶 is all exploration costs are accounted for according to IFRS 6
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A. Exploration risks

https://grabuma.co.id



B. Geological Uncertainty - Mineral 
system probabilities
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Valuation using the Income Approach - 
NPV
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2. NPV EVOLUTION - Traditional NPV & DCF
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Future cash flows adjustment 

by a single factor

Growing exponentially with 

time

RANPV

DNPV

DISADVANTAGES SOLUTION METHODOLOGIES
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𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟:
1

(1 + 𝑑𝑖𝑠𝑐 𝑟𝑎𝑡𝑒)𝑃𝑒𝑟𝑖𝑜𝑑
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HOWEVER

https://grabuma.co.id



2.B. Risk-adjusted NPV

✓ Based on Risk-adjusted 
discount rate

✓ Discount rate has involved 
the additional risks (level 
of project, country risks 
and commodities)
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RADR Build-up using WACC

𝑅𝐴𝐷𝑅 = 𝑊𝐴𝐶𝐶 + (𝑋𝑟 + 𝑈𝑡)
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2.C. Decoupled NPV
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3. ARTIFICIAL NEURAL NETWORK (ANN)

✓ Modelled based on the human 
brain process 

✓ Recognize patterns from data 
sources

✓ Analysing and simulating to solve 
the complex data sources

✓ Containing Input layer, hidden 
layer and output layer 
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✓ The architecture of an artificial neural network (ANN) consists of neurons organized 
into an input layer, one or more hidden layers, and an output layer

✓ The data from the input layer is transferred to the hidden layers for processing. 

✓ Each neuron in the input layer has a constant bias value

✓ The processed data is then passed to the output layer, where the output of each 
neuron is calculated as the total value of the input weights, adjusted by activation 
functions (Ketkar, 2017)

✓ The Artificial Neural Network (ANN) model is capable of handling non-linear data and 
can effectively model the complex relationships between input and output data

✓ However, traditional ANNs often fall short in achieving true optimization, as they 
adjust weights solely based on a learning coefficient

✓ To address this limitation, it is essential to incorporate biologically inspired 
algorithms, such as the BA, to enhance optimization processes (Hannan, et al., 2014).

https://grabuma.co.id



Simple Architecture of Artificial Neural 
Network (ANN)
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Flowchart of the Artificial Neural Networks (ANN)

Normalized 
Data 𝑋𝑛𝑜𝑟𝑚 =

𝑋𝑖 −𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛
, i = 1,2,3,….n

Weights
𝑊𝑜 = 1

𝑊1 = Rand()

Total 
Weights

 z = 𝑊𝑜 x 𝑋1𝑛𝑜𝑟𝑚 + 𝑊1 x 𝑋2𝑛𝑜𝑟𝑚 

Output
= 1/(1 + exp(−𝑧)

𝑊𝑜Adjust = 1

𝑊1Adjust = Learn cf x 𝑋𝑖𝑛𝑜𝑟𝑚 x 

(Predicted – 𝑋𝑖𝑛𝑜𝑟𝑚)

Adj Output = 𝑋𝑀𝑖𝑛 + 𝑋𝑁𝑜𝑟𝑚 x (𝑋𝑚𝑎𝑥  −  𝑋𝑚𝑖𝑛) 
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The weakness of AI

✓ Complex, high cost and time-consuming

✓ Fixed standard

✓ No improvements
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4. METAHEURISTICS MODELS

Classic Artificial 

Intelligence (AI) 

Methods

Metal Price Forecasting 

Evolution

Conventional 

Methods

Metaheuristic 

Methods

Solving complex problems 

using an optimized solution 

based on the search strategy
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How to optimize random motion

Robert Brown (1773 – 

1858)

✓ Introduced by a Scottish 
Botanist in 1827

✓ Random pollen motion in 
liquid is called Brownian 
motion
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Metaheuristic Optimization Approaches

Evolutionary 
Algorithm

Physics-based 
Optimization 

Algorithm

Swarm Intelligence 
based-Algorithm
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The optimized algorithm 
using the characteristics of 

living organisms in the 
nature

Bio-Inspired Metaheuristic Optimization 
Approaches
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Bat Algorithm (BA)

✓ Consisting of 1,000 species of Bats

✓ Flying mammals (small to medium)

✓ Length of 2.2 to 11cm, weight of 3 – 150g, and wing span of 25cm

✓ Introduced by Xin-She Yang in 2010

✓ Metaheuristic algorithm for global optimization

✓ Inspired by the echolocation behavior, pulse rate and loudness

✓ Using echolocation of microbats
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Using the sonar, the bat 
can detect the distance, 
size and how fast of the 

target flying

Echolocation
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Parameters in Bat Algorithm (BA)
Position (𝑥𝑖)

Velocity (𝑣𝑖)

Frequency (𝑓𝑖)
Loudness (𝐴𝑖)

Pulse Rate (𝑟𝑖)
https://grabuma.co.id



𝑥𝑚𝑎𝑥

𝑥𝑚𝑖𝑛

𝑥𝑖𝑗 = 𝑥𝑚𝑖𝑛 + 𝜑(𝑥𝑚𝑎𝑥 −  𝑥𝑚𝑖𝑛) 
𝜑

Evaluation of 
Fitness Value

Search Area
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Fixed Frequency (𝑓𝑖  ) with 

Wavelength (𝝀)

Velocity (𝑣𝑖 )

Loudness (𝐴𝑖  )
Pulse Rate 

emission (𝑟𝑖 )
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𝑓𝑖  = 𝑓𝑚𝑖𝑛 + 𝛽(𝑓𝑚𝑎𝑥 − 𝑓𝑚𝑖𝑛) 
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𝑣𝑖
𝑡 = 𝑣𝑖

𝑡−1 + (𝑥𝑖
𝑡 - 𝑥∗)𝑓𝑖 

Indicating the 

global best location𝑥𝑖
𝑡 = 𝑥𝑖

𝑡−1 + 𝑣𝑖
𝑡

ഥΑ𝑖
𝑡+1 = 𝛼ഥΑ𝑖

𝑡

𝑟𝑖
𝑡+1 = 𝑟𝑖

0(1 −  𝑒−𝛾𝑡)
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𝑣3 

𝑣1 
𝑣2 

𝑥𝑛𝑒𝑤 = 𝑥𝑖
𝑡 + 𝜀Α
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Flowchart of Bat Algorithm

START

Initial bat position (𝑥𝑖), velocity 

(𝑣𝑖), frequency (𝑓𝑖), pulse rate 
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 & f(𝑥𝑖) < 
f(𝑥𝑖*) 
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reduce (𝐴𝑖) 

Determine 

the best 

position

If t < max 
iteration

Best Solution 

END
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NO

YES

NO
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Bat Algorithm Parameters
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5. HYBRID MODEL

Several methods currently exist to simulate nickel prices; however, no single method consistently 
delivers high forecasting performance. Consequently, the combination of various forecasting 
methods has emerged as a strategy to enhance overall forecasting accuracy (Mehdi & Bijadi, 
2011) (Kristjanpoller & Minutolo, 2015) (Kristjanpoller & Hernández, 2017) (Alameer, et al., 2019). 

The combination of various Bayesian scenarios using dynamic model averaging was introduced by 
(Drachal, 2019) to forecast the spot prices of lead, zinc, and nickel. (Shao, et al., 2019) introduced a 
combination of an improved particle swarm optimization (PSO) algorithm with long short-term 
memory (LSTM) networks to forecast nickel prices. To forecast medium- to long-term nickel 
prices, (Ozdemir, et al., 2022) proposed combining Long Short-Term Memory (LSTM) networks 
with Gated Recurrent Units (GRU). 
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PRICE

MRP
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Adjust for country risk
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US$ 619k or 2% per 1% 
decrease
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